The seed oil of Azadirachta indica A. Juss (neem) is used in traditional medicine for its antidiabetic, spermicidal, antifertility, antibacterial, and wound healing properties. The present study was undertaken to investigate the quantitative aspects of follicular development in cyclic female albino rats (135 ± 10 g; 8 groups with 6 animals in each group) after oral administration of polar (PF) and non-polar (NPF) fractions of A. indica seed extract at 3 and 6 mg kg body weight -1 day -1 and Melia azedarach Linn. (dharek) seed extract at 24 mg kg body weight -1 day -1 for 18 days. The extracts were prepared using a flash evaporator at 35°C and then dissolved in olive oil to prepare doses on a per kg body weight basis. There was a significant reduction (P = 0.05) in the number of normal single layered follicles (A. indica: 0.67 ± 0.33 and 4.67 ± 2.03 after 3 and 6 mg/kg NPF, and 3.33 ± 1.67 and 1.00 ± 1.00 after 3 and 6 mg/kg PF vs control: 72.67 ± 9.14 and M. azedarach: 0.60 ± 0.40 and 1.80 ± 1.2 after 24 mg/kg PF and NPF, respectively, vs control: 73.40 ± 7.02) and follicles in various stages (I-VII) of follicular development in all treatment groups. These extracts also significantly reduced (P = 0.05) the total number of normal follicles in the neem (14.67 ± 5.93 and 1.00 ± 1.00 after 3 and 6 mg/kg PF and 3.67 ± 0.88 and 5.33 ± 2.03 after 3 and 6 mg/kg NPF) and dharek (13.00 ± 3.58 and 14.60 ± 2.25 after 24 mg/kg NPF and PF) treatments compared to control (216.00 ± 15.72 and 222.20 ± 19.52, respectively). Currently, indiscriminate use of persistent and toxic rodenticides to control rodent populations has created serious problems such as resistance and environmental contamination. Therefore, it becomes necessary to use ecologically safe and biologically active botanical substances that are metabolized and are not passed on to the next trophic level, and that interfere with the reproductive potential particularly growth and differentiation of follicles. This may help elevate the socio-economic status of the country. Thus, the present study is an attempt to investigate the effects of A. indica and M. azedarach seed extracts on reproduction of albino rats.
Rodents pose a great threat to the economy of India by inflicting 5-10% damage to the agricultural produce every year (1) . The rodent problem is due to their high rate of reproduction, complex behavior and ability to adapt to diverse ecological conditions. The indiscriminate use of persistent and toxic rodenticides has created serious problems like resistance and environmental contamination. It has, therefore, become necessary to use biologically active botanical substances or fertility-regulating agents of plant origin which are ecofriendly in approach and interfere with the natural patterns of reproduction (2) , particularly growth and differentiation of follicles. Successful growth and differentiation of the ovarian follicle is known to be under the control of the follicle-stimulating hormone (FSH) and luteinizing hormone (LH) produced by the pituitary. Many recent in vitro and in vivo studies have shown that the process of folliculogenesis is mediated by cAMP and is modulated by many local paracrine and autocrine factors in addition to the gonadotrophins themselves (3, 4) . These modulatory factors include steroid hormones and non-steroidal factors such as growth factors. Although gonadotrophins are required for folliculogenesis, factors that regulate the cyclic appearance and atresia of dominant follicles and other follicles of variable size are of great significance. Various factors causing and regulating follicular atresia may include age, stage of the reproductive cycle, pregnancy, lactation, hormones of extraovarian or intraovarian sources, a genetic 'program', nutrition including minerals, ischemia, seasons, and plant extracts (3) (4) (5) . Extracts of many plants are also known to possess abortifacient activity in female gerbils, rats, mice, and rabbits (2, (6) (7) (8) . The contraceptive effect of neem seed oil and leaf extract has been demonstrated in male and female rats (9, 10) . Though the quantitative aspects of follicular development in rats receiving Azadirachta seed oil have been reported (5), the effect of polar (PF) and nonpolar (NPF) fractions of Azadirachta indica extract on follicular kinetics remains to be investigated. In the case of Melia azedarach, even the preliminary information regarding the effects of its extracts on female reproduction is not available. Thus, the present investigation was undertaken to study the quantitative aspects of folliculogenesis in female albino rats after oral administration of PFs and NPFs of A. indica and M. azedarach seed extracts.
The seeds of shade-dried matured drupes of A. indica (100 g) and M. azedarach (100 g) were powdered and the fractions were separately extracted with methanol (for PF) and hexane (for NPF). The filtrates were then evaporated in a flash evaporator at 35ºC, after which a dark slurry (fractions) was obtained. These fractions were then dissolved in olive oil (vehicle) to prepare doses on a per kg body weight basis.
Mature female albino rats (135 ± 10 g) bred in the Small Animal Colony of the Punjab Agricultural University, Ludhiana, were used for the present investigation. The animals had free access to standard diet and water. The stage of the estrous cycle of each animal was determined by observing vaginal smears (using saline, 0.9% NaCl, w/v) daily between 9:00 and 10:00 am. Rats showing at least three regular 4-day cycles and that are also in the diestrous stage of the cycle received orally PF and NPF of seed extract of Azadirachta at 3 and 6 mg kg body weight -1 day -1 and of seed extracts of Melia at 24 mg kg body weight -1 day -1 for 18 days. Animals were divided into 8 groups of 6 each. Olive oil was given to rats in the control group. On the 19th day, all rats were sacrificed. The ovaries were dissected out, cleaned of fat and fixed in Bouin's fluid. They were dehydrated in graded alcohols, cleared in benzene, embedded in paraffin and then serially sectioned at 7 µm and stained with hematoxylin and eosin. All the sections from each ovary were used to quantify the number of normal follicles. The follicles were classified into seven stages according to the number of granulosa cell (GC) layers around the oocyte (11). Stage I: preantral follicles with two to three GC layers surrounding the oocyte; stage II: preantral follicles with four to five GC layers; stage III: preantral follicles with six to seven GC layers; stage IV: preantral follicles with eight or more complete GC layers; stage V: follicles with early signs of antrum formation, i.e., with small clear lacunae appearing among the GC; stage VI: follicles with a single medium-sized antral cavity or with two small cavities on either side of the oocyte; stage VII: graafian follicles with a large, well-formed antral cavity. Besides these, single-layered follicles (preantral follicles with a single complete GC layer surrounding the oocyte) were also counted. The number of follicles recorded in all stages of follicular development represented the absolute number of normal follicles per ovary. Thus, the total number of normal follicles in seven stages along with single-layered follicles were counted in the ovaries of control and treated rats. Data were analyzed by standard procedures in a completely randomized block design. A probability of P = 0.05 was considered significant for all comparisons.
There was a significant reduction in the number of normal single-layered follicles in rats receiving 3 and 6 mg/kg PF and NPF (3.33-1.00 and 0.67-4.67, respectively) of Azadirachta (Table 1) and 24 mg/kg PF and NPF (0.60-1.80) of Melia (Table 2) seed extracts compared to their respective control groups (72.67 and 73.40). There were no statistical differences among the seed extract treatments. Similarly, a significant reduction was observed in the number of normal follicles in stages I, II, III, and IV after treatment with Azadirachta fractions and in stages I-VII after treatment with Melia fractions compared to control. There were no statistical differences among treatments. The number of follicles in stages V-VII in the ovaries of rats treated with Azadirachta seed fractions was significantly reduced except at 3 mg PF, when the number of stage VII (4.00) follicles was similar to control (5.33; Table  1 ). Follicles in stages II, III and V were absent in the groups treated with 6 and 3 mg NPF of Azadirachta extract. At 6 mg PF, not even a single normal follicle belonging to stages I-VII was observed. The result showed a significant reduction in the total number of normal follicles in all treated groups compared to control, the reduction being maxi- Table 1 . Number of normal follicles in various stages of follicular development in the ovaries of albino rats treated orally with polar fraction and non-polar fraction of Azadirachta indica (neem) seed extract. Data are reported as mean ± SEM for N = 6. CD = critical difference between the means of different treatments. Numbers in parentheses are n + 1 transformed values. Numbers followed by the same superscript letter were not statistically different (P = 0.05, ANOVA).
mum at 3 mg NPF (3.67) and 6 mg PF (1.00) of Azadirachta seed extract. Also, the number of normal follicles was significantly decreased in the ovaries of rats treated with 24 mg PF and NPF of Melia seed extract. The significant reduction in the number of normal follicles in all treatment groups compared to control may have been due to disruption of the process of follicle selection due to atresia (12) . Follicular growth is regulated by endocrine (FSH, LH and prolactin) and local (paracrine and autocrine) factors. The latter include steroid hormones (e.g., progestins, estrogens and androgens) produced by different cell types of the ovary and various non-steroidal regulators (e.g., oocyte maturation inhibitor, luteinization stimulator, luteinization inhibitor, FSH inhibitor, insulin-like growth factors, transforming growth factors, epidermal growth factor, platelet-derived growth factor, inhibin, and activin) (3, (12) (13) (14) . Many of the changes occurring during oocyte growth and maturation also appear to be mediated or influenced by ions, hormones (especially gonadotrophins and steroids) and endogenous cytoplasmic factors such as maturation promoting factor and growth factors (4, 12, 15) . On this basis, we may assume that these agents might be interfering at the level of receptors and mRNA expression of these factors. Thus, there is inhibition of follicular growth which is gonadotrophin dependent and the recruited follicles are unable to develop further in the ovaries of treated rats compared to control. Also, the total number of normal follicles was significantly reduced in rats orally treated with 4.6 ml/kg Azadirachta seed oil for 18 days (5) and with 2 and 4 mg/kg nicotine intraperitoneally (16) .
Similarly, many plant extracts have been reported to affect folliculogenesis in rodents: the primordial follicle has been reduced in the ovaries of female gerbils treated with Cannabis extract at 2.5 mg/day for 60 days (17) and completely lost in rats treated with an aqueous suspension of the dried seed powder of Sapindus trifoliatus at 50, 100 and 150 mg/kg for 31 days (18) and in guinea pigs treated with the hexane extract of Ferula jaeschkeana (19) . Also, a decrease in the number of graafian follicles has been reported to occur in albino mice orally treated with nicotine at 0.3 mg/kg for 15 days (20) . Thus, we may conclude that the PF and NPF of A. indica and M. azedarach seed extracts Table 2 . Number of normal follicles in various stages of follicular development in the ovaries of albino rats treated orally with polar fraction and non-polar fraction of Melia azedarach (dharek) seed extract. Data are reported as mean ± SEM for N = 6. CD = critical difference between the means of different treatments. Numbers in parentheses are n + 1 transformed values. Numbers followed by the same superscript letter are not statistically different (P = 0.05, ANOVA).
